Sex differences in adaptation and coping were studied by comparing neuroendocrine and psychological functions in male and female high-school students during 2-3 hr of routine school work (control condition) and a 6-hr matriculation examination (stress condition). In the control condition sex differences were slight and nonsignificant. During examination stress, the urinary excretion qf cortisol, adrenaline, noradrenaline, and 3-methoxy-4-hydroxyphenylethylene glycol (MOPEG or MHPG) increased in both sexes, but to a consistently greater extent in the male group, significantly so for adrenaline and MOPEG. Both sexes performed equally well in the examination, but self-reports showed that feelings of success and confidence were common among males, whereas feelings of discomfort and failure dominated in the female group. High discomfort correlated with poor performance in the males but with good performance in the females.
INTRODUCTION
The present article forms part of a research project concerned with sex differences in the psychoneuroendocrine mechanisms involved in stress and coping. Among neuroendocrine stress reactions, the secretion of the catecholamines adrenaline and noradrenaline plays a key role in human adjustment to environ-mental demands, for two reasons. Firstly, a rise of the peripheral catecholamine level is accompanied by a series of changes in, e.g., cardiovascular and metabolic functions which facilitate adaptation to a wide range of stimulus conditions. Secondly, chronic elevation of catecholamine levels, as well as cumulative effects of repeated catecholamine-mediated adjustments, may cause functional disturbances in various organs and organ systems which, in turn, may lead to disease. For these reasons, the detection of psychosocial factors that increase catecholamine secretion may aid in identifying high-risk individuals and groups and may serve as a basis for changing adverse conditions.
Of the two peripheral catecholamines, adrenaline is the more sensitive indicator of behavioral arousal, reflecting both the effort that a person invests in what he is doing and the intensity of his feelings (for review, see Ref. 1). Noradrenaline secretion is also influenced by conditions affecting behavior, although findings relating to the urinary excretion of this amine are somewhat inconsistent. The urinary catecholamine metabolite 3-methoxy-4-hydroxyphenylethylene glycol (MOPEG or MHPG) is of particular interest in a behavioral context. MOPEG is a metabolite of circulating adrenaline and noradrenaline, and the major metabolite of brain noradrenaline. The urinary excretion of MOPEG is assumed to provide an index of the synthesis and metabolism of noradrenaline in the brain and to reflect changes in the affective state of patients with manic-depressive disorders (2) . However, the validity of this assumption cannot be determined until precise knowledge has been obtained concerning the relative contribution of central and peripheral catecholamine metabolism to the urinary MOPEG excretion (3, 4) .
-Current knowledge of the part played by the catecholamines in stress and adaptation is largely derived from studies of male subjects, and systematic investigations of females are scarce. Comparisons between the sexes, based on data obtained under resting conditions (5, 6) , show that, when body weight is taken into account, there is no marked difference in catecholamine secretion between sexes. However, a series of recent studies by Frankenhaeuser and her group (for review, see Ref. 7) , in which males and females were examined under psychosocial stress conditions, suggests that adrenal-medullary activity is a much less sensitive indicator of psychological stress in females than in males. In one study (8) , 12-year-old boys and girls were compared under a "passive" condition, i.e., watching a nonengaging movie, and under an "active" condition, i.e., performing mental arithmetic. Whereas adrenaline excretion in the girls was only slightly and insignificantly higher in the active compared with the passive period, in the boys it was significantly increased. Similar differences were obtained (9) when male and female employees in a Swedish metal industry were compared during nonstressful conditions involving their daily routine activities and during psychological stress, i.e., an intelligence test under time pressure. In the female group, adrenaline output during the test session was the same as during daily activity, whereas in the male group it increased significantly during testing.
Since the females performed as well as dr slightly better than the males, it appeared unlikely that the difference in adrenaline excretion had to do with motivation or effort. However, to examine the possibility that stressors other than mental work would elicit the typical male response in females, an experiment was designed in which students of both sexes were exposed to two kinds of stress situation (10) . In one, stress was induced by repeated venipuncture; in the other the subjects performed a strenuous cognitive task. The results showed that, in the female group, adrenaline excretion during both stress conditions was almost the same as during relaxation, whereas in the male group each of the stressors induced a significant increase. It is worth noting that self-reports and heart-rate measures indicated that the females were as much aroused as the males both by the cognitive task and by venipuncture, and that they performed at the same level as the males.
The biological and psychological significance of the sex differences in adrenal-hormonal functions merits further study. One approach to this prob-lem involves examining relationships between acute stress reactions and enduring characteristics of members of both sexes. This line of investigation is being pursued in collaboration with Dr. M. Rauste von Wright as part of her longitudinal project concerning different aspects of psychological and somatic development in Finnish boys and girls (11) . An opportunity arose to study some of the participants in the longitudinal project during the stress induced by a matriculation examination. In the course of the examination, which lasted 6 hr, urine specimens were collected for the analysis of free cortisol, adrenaline and noradrenaline, and the metabolite MOPEG. Self-reports of reactions to the examination were also obtained. For comparison, data were collected during a day of ordinary school work.
The present article gives an account of variables studied during examination stress and their relation to neuroendocrine measures obtained during a day of ordinary school work. Subsequent articles will deal with relations between acute reactions during examination stress and measures referring to various aspects of the development and social background of the subjects, and to neuroendocrine measures obtained under baseline conditions.
METHODS

Subjects, Design, and Procedure
The investigation was carried out in three schools in Helsinki, the subjects being 30 female and 19 male students who matriculated from high school in the spring of 1976 and who participated in the longitudinal project led by Rauste von Wright (11) . The ages of both the females and the males ranged from 18 to 19 years (mean 18.8 years for females, 18.7 for males). The body weights of the females ranged from 46 to 73 kg (mean 57.1 kg) and those of the males from 55 to 86 kg (mean 72.3 kg).
All 63 subjects from the longitudinal study were asked whether they would be willing to take part in an experiment concerned with psychoneuroendocrine reactions induced by examination stress, and all but six consented. Seven were absent from school because of illness either on the day of the examination or on the control day, and one had to be excluded because of a technical mishap in the urine analysis. This left a total of 49 subjects. It was also ascertained that the parents had no objections.
In each school, the headmaster and the teachers concerned were informed in advance of all aspects of the study, and their approval and cooperation were secured. The subjects themselves were carefully instructed about the purpose and procedure of the study. It was considered important to interfere as little as possible with the subjects' normal habits so as not to add to the stressfulness of the situation. For this reason no special restrictions were imposed on the subjects with regard to factors known to influence catecholamine secretion, e.g., smoking or intake of caffeine and other centrally acting drugs. Instead, the subjects gave detailed reports on their consumption of such substances before and during the examination and the control condition in a questionnaire filled in after each of these occasions. In this connection the female subjects were also asked about their use of oral contraceptives, and when they expected their menstrual period, irregularities in menstruation, etc.
To obtain measures of catecholamine excretion during stress, urine samples were collected during and immediately after a 6-hr examination. Nonstress levels of catecholamines were measured in urine samples obtained during ordinary school work 10 days later.
The examination consisted of writing an essay on 1 out of 10 proposed topics. The examinees from each school were assembled in large classrooms and seated at separate desks. In each classroom teachers kept watch to prevent communication between examinees and other possibilities for cheating. Food was served, usually around noon, but the students were not allowed to leave their desks or to communicate while eating.
Collection of Urine Samples
Urine samples were obtained from each subject during and after the examination period (stress SEX DIFFERENCES IN STRESS REACTIONS condition) and under an ordinary school day (control condition).
The examination started at 9 a.m. and ended at 3 p.m. The students were, however, allowed to leave earlier if they had finished their essay writing. Most students chose to stay to the end of the 6-hr period.
Upon arrival in the school the subjects were asked to void and the exact time was noted. The total urine volume produced during the examination was collected. Some subjects (17 females and 15 males) voided only at the end of the examination, while the others voided once or more during it. In the latter case, each urine sample was analyzed separately. Since there were no marked differences between successive samples across the time period, the mean value for the entire period was used for each subject in the final statistical analysis.
The control condition was spent by the subjects attending lessons on an ordinary school day. They voided upon arrival at school at 9 a.m., the time was noted, and urine samples were collected 2-3 hr later. 1 The total urine volume of each sample was measured and divided into subsamples for analysis of cortisol, the catecholamines adrenaline and noradrenaline, and the catecholamine metabolite MOPEG. All samples were stored at -18°C. In the sample for catecholamine analysis, pH was adjusted to 3.0 with 2 N HC1 before freezing. Free cortisol was estimated by radioimmunoassay (12, 13) , free adrenaline and noradrenaline by the fluoriphotometric technique of Euler and Lishajko (14) using the automated procedure developed by Andersson et al. (15) , and MOPEG by a massfragmentographic method developed by Swahn et al. (16) .
Self-Reports
After the examination, the subjects estimated in retrospect their feelings during the examination period, using six adjectives: tired, tense, nervous, fatigued, alert, and interested. The ratings were made on graphic scales and expressed by each subject as percentages of his/her "normal state" in terms of each variable.
'In a separate analysis, presented in the Results Section, it was ascertained that the different times for urine collection in the control and stress conditions did not affect the comparisons to be made.
In addition, self-reports were obtained by a questionnaire concerning (1) feelings of discomfort, tension, and apprehension (including bodily symptoms such as heart beat, sweating, tremor, and headache), and (2) feelings of success vs. failure and satisfaction vs. dissatisfaction with oneself, at the end of the examination.
RESULTS
Neuroendocrine Reactions
With regard to effects on neuroendocrine reactions associated with coffee drinking and smoking, the self-reports indicated that the consumption of these substances was low in both groups on both occasions; it was not significantly larger before or during the examination than on the control day and neither was there any significant difference between the sexes on either day. Hence, effects of caffeine and nicotine can be disregarded as sources of error. Table 1 shows means and standard errors for cortisol, adrenaline, noradrenaline, MOPEG, and urine excretion, expressed in relation to body weight, in the female and male groups during the examination (stress condition) and during ordinary school work (control condition) as well as t-values for differences between conditions. It is seen that (1) in the control condition sex differences were slight and inconsistent, (2) cortisol, adrenaline, noradrenaline, MOPEG, and urine excretion increased in both sexes during stress, and (3) the increase during stress was consistently larger in the male group.
In the female group, the increases in adrenaline and MOPEG excretion during stress were significant at the 0.05 level, while the increases in cortisol and norad- renaline were not significant. In the male group, the increase in adrenaline was significant at the 0.001 level, in MOPEG at the 0.01 level, and in noradrenaline and cortisol at the 0.05 level. The rise in urine excretion was identical, and significant at the 0.001 level in the two groups. The larger increase in cortisol, adrenaline, and MOPEG excretion in males compared with females is illustrated in Fig. 1 , which shows mean intra-pair difference scores between excretion rates during stress and control conditions.
In order to determine whether the neuroendocrine changes from control to stress level differed significantly between sexes, t-tests were applied to differences between intra-pair difference scores in the male and female groups. The increase was significantly larger for males than for females in adrenaline (t = 3.42, df = 47, P < 0.01] and in MOPEG excretion (t = 2.10, P < 0.05); it approached significance for cortisol (t = 1.69, df = 47, 0.05 < P < 0.10), but was insignificant for noradrenaline excretion.
Since diurnal variations in hormone secretion might influence our comparisons between stress and control conditions, (1) we analyzed separately those subjects (4 males and 13 females) for whom data were available for midday voiding in the stress condition. The results in this subsample were consistent with those in the total sample in that the increases from the control to the stress condition were significant, and significantly larger in the male than in the female group. The sex difference was significant at the 0.01 level for cortisol and adrenaline, and at the 0.05 level for MOPEG excretion. In this context, it is also important that no sex difference has been demonstrated in the circadian rhythm of the excretion of these hor- .00
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.00 mones (Lundberg and Frankenhaeuser, in preparation). Hence, the results obtained in the present study cannot be attributed to diurnal-rhythm changes. While all male subjects but one excreted more adrenaline in the stress condition than in the control condition, 12 of the females did not show any increase of adrenaline during stress. These females tended to differ from other females in their psychological stress reactions, and their specific characteristics will be examined in detail in connection with the forthcoming analysis of relations between acute stress reactions and enduring characteristics of the individual (Rauste von Wright et al., in preparation). It is also interesting that 3 females and 1 male showed a marked decrease in adrenaline excretion during stress, a "paradoxical" reaction occasionally noted in earlier studies (17) .
Product-moment coefficients of correlation were positive between cortisol, adrenaline, noradrenaline, and MOPEG excretion in both sex groups under stress and control conditions. Correlations between noradrenaline and MOPEG were highly significant for all comparisons, whereas the correlational pattern was not completely consistent for the other measures (Table 2) . than dissatisfaction with oneself, at the end of the examination.
Feelings of discomfort prior to and during the examination were stronger for the females than for the males (t = 2,29, d/ = 47, P =0.05). Sense of success at the end of the examination was somewhat higher in the male group, but this sex difference did not reach significance.
Performance in the Examination
There was no difference between the sexes in the scores obtained in the final examination on essay writing.
Self-Reports
Data concerning the subjective state of the males and females during the examination were obtained by graphic magnitude estimates and by a questionnaire.
The graphic-scale data were submitted to factor analysis (Varimax). Two factors emerged, one with high loadings in the variables expressing "discomfort" (tired, tense, nervous, fatigued), the other with high loadings in variables expressing "effort" (alert, concentrated).
Comparisons between the sexes, based on individual discomfort and effort scores, showed that discomfort was somewhat higher among the females, whereas effort was somewhat higher for the males. The sex differences were, however, not significant.
The responses to the questionnaire were combined to form two separate scores. One, "discomfort," reflects the various feelings of stress and apprehension (tension, panic, tremor, heart beat, etc.) immediately prior to and during the examination. The other, "sense of success," reflects feelings of success rather than failure and of satisfaction rather
Relations between Variables
Product-moment coefficients of correlation between neuroendocrine measures, self-reports, and examination scores were, on the whole, rather low and have to be interpreted with caution. However, an interesting feature was that the correlational pattern tended to be different for the two sexes. For example, adrenaline excretion was negatively related to sense of success in the female group (r = -0.42, P < 0.05) but not in the male. Increase in MOPEG excretion during stress was positively related to sense of success in the male group (r = 0.47, P < 0.05), but negatively in the female (r = -0.40, P < 0.05). In the male group there was a tendency for good performance to be associated with increased adrenaline and MOPEG excretion (r = 0.37 and 0.41, respectively; 0.05 < P < 0.10), while corresponding correlations were close to zero in the female group. Furthermore, cortisol excretion was positively related to discomfort in the female group (P < 0.05), but not in the male.
The relation between performance and self-reported discomfort prior to and dur-
SEX DIFFERENCES IN STRESS REACTIONS
ing the examination was curvilinear in both sex groups, i.e., performance was, on the average, best in subjects who reported a medium amount of discomfort. The sexes differed in that poor performance was associated with high discomfort in the males and with low discomfort in the females. The relation between performance and self-reported sense of success after the examination showed a similar, although less pronounced, difference.
As already pointed out, the subgroup of 12 women whose adrenaline output did not increase during stress differed from the main group in several respects. The same was true for the correlational pattern of this subgroup (to be reported by Rauste von Wright et al.) . These females tended to perform worse, but to report a greater sense of success and less discomfort than the other females. They also tended to excrete less cortisol during stress than other females.
DISCUSSION
The present results agree with the data from previous investigations (7) in showing that females are less prone than males to respond to challenging situations by increased catecholamine secretion. This suggests that the adrenalmedullary response tends to retain the pattern characteristic of each sex, regardless of differences between stress conditions. Compared with the moderately stressful experimental situations to which subjects in earlier studies were exposed (8, 10) , the matriculation examination is a severe stressor. It is a real-life situation involving a considerable threat to those concerned. Not only does the outcome determine whether or not the student will be admitted to the university, it may also have a decisive influence on his and her success in competing in the labor market. The examination that we chose for this study was the first in a series of five. Therefore, it was probably the most stressful, particularly since the subject, essay writing, is generally considered very demanding. In this connection it can be mentioned that neuroendocrine indices of the stressfulness of the Finnish high-school matriculation system have been reported by Pekkarinen et al. (18) .
In spite of the severity of the stress situation, the females increased their catecholamine secretion to only a moderate degree. Since their performance in the examination was as good as that of their male peers, the present results strengthen the view that females tend to deal with psychological demands in a physiologically more "economic" way (7) . In other words, the physiological cost involved in coping with the situation seems to have been lower for females than for males.
In psychological terms, on the other hand, the results suggest that the cost was higher for the females. They reported more intense negative feelings, indicative of general discomfort, than did the males. At the same time, the females seem to have experienced virtually none of the sense of success and satisfaction that was a rather common feeling among the males. In this context, it is interesting that high discomfort was related to good performance in females and to poor performance in males.
When viewed together, the sex differences suggest that the coping strategies adopted by males and females in stressful situations differ in some fundamental ways. In studies now under way (Rauste von Wright et al.) , emphasis is placed on relationships between the coping patterns that the subjects displayed under the acute examination stress and their more enduring characteristics from 11 years onwards, assessed by self-reports of variables such as self-esteem, sense of social success, and level of aspiration.
Insofar as the determination of MOPEG in urine reflects the synthesis and metabolism of noradrenaline in the brain, the quantitative relationship between this metabolite and psychological coping is of considerable interest. Lcngitudinal studies of MOPEG excretion in depressed patients (2) lend some support to the catecholamine hypothesis of affective disorders, which states that depression is associated with a functional deficit of catecholamines at critical synapses in the central nervous system, whereas mania is associated with a functional excess of these amines. Data concerning MOPEG excretion in healthy subjects are scarce. However, in a study of male naval aviators, Rubin and his associates (19) showed increased MOPEG excretion during the stress induced by aircraft-carrier landing practice. In agreement with these results, MOPEG excretion was significantly increased during examination stress in the present study. Although, in our study, excretion increased during stress in both sexes, the rise was more pronounced in the male than in the female group. This sex difference is particularly interesting when considered in relation to the sex difference in coping: feelings of success, effort, and alertness were common among males and, in contrast, feelings of discomfort and disappointment were predominant among females. Tentatively, these results may be interpreted as suggesting that MOPEG excretion could be used as an index of affective state also in healthy subjects.
